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(54) [Title of the invention] 

A method of polishing wafers and a device therefor 



(57) Abstract 

(Purpose] . . . 

To provide a method of polishing wafers and a device .ha, permits determ.nmg the 
thickness of a fi.m that is being pohshed without removing the wafer from the surface 
piate in the midd.e of poiishing and that permits efficient performance of high.y accutate 

polishing control. 
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[Constitution] 

In a method in which a wafer (7), secured to a wafer supporting plate (8) and while being 
rotated by the wafer supporting plate (8), is pressed to polish against the surface of the 
rotating surface plate (1) on which a polishing cloth (5) is glued while dripping polishing 
liquid, such polishing is performed by determining the polishing condition by observing 
the light reflection state of the polishing surface of the wafer (7) using an imaging device 
that uses a charge coupled element, a device to display that image and a spectral 
reflection factor measuring device, through a clear window (4) that is created between the 
rotation center of the surface plate (1) and polishing cloth (5) and the periphery. 

[Claims] 

[Claim 1] 

In a method in which a wafer, secured to a wafer supporting plate and while being rotated 
by the wafer supporting plate, is pressed to polish against the surface of the rotating 
surface plate on which a polishing cloth is glued while dripping polishing liquid, such 
polishing is performed by determining the polishing condition by observing the light 
reflection state of the polishing surface of the wafer, through a window that is created 
between the rotation center of the surface plate and polishing cloth and the periphery. 

[Claim 2] 

A method described in Claim 1 in that the light reflection state is observed using an 
imaging device that uses a charge coupled element and a device to display that image. 

[Claim 3] 

A method described in Claim 1 in that the light reflection state is observed using a 
spectral reflection factor measuring device. 

[Claim 4] 

A wafer polishing device that is equipped with: a surface plate that rotates by a rotating 
device; a polishing cloth glued on the surface of the surface plate; a wafer supporting 
plate that faces the polishing cloth [placed] between the center of the surface plate and its 
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periphery, placed so as to be movable in the axis direction, and that is rotated by a 
rotating device; a groove created extending in the radius direction on the surface on 
which the polishing cloth is glued between the center of the surface plate and its 
periphery; a polishing cloth window created on the polishing cloth matching with the 
groove; a through-hole created in the groove of the surface plate; a clear window that 
closes the through-hole; a probe that is placed at the opposite side of the face having the 
groove on the surface plate and facing the rotating path of the through-hole and that 
irradiates light on the polishing surface of a wafer, secured to the wafer supporting plate, 
through the above described clear window and that receives that reflected light; an optical 
cable connected to the probe; a device to supply light to the optical cable connected to the 
optical cable, and; a device to observe or evaluate reflected light. 

[Claim 5] 

A wafer polishing device that is equipped with: a surface plate, made of a clear material, 
that rotates by a rotating device; a polishing cloth glued on the surface of the surface 
plate; a wafer supporting plate that faces the polishing cloth [placed] between the center 
of the surface plate and its periphery, placed so as to be movable in the axis direction and 
that is rotated by a rotating device; a groove created extending in the radius direction on 
the surface on which the polishing cloth is glued between the center of the surface plate 
and its periphery; a polishing cloth window created on the polishing cloth matching the 
groove; a probe that is placed at the opposite side of the face having the groove on the 
surface plate and facing the above described groove and that irradiates light on the 
polishing surface of a wafer, secured to the wafer supporting plate, through the above 
described surface plate and that receives that reflected light; an optical cable connected to 
the probe; a device to supply light to the optical cable connected to the optical cable, and; 
a device to observe or evaluate reflected light. 

[Claim 6] 

A wafer polishing device described in any one of Claims 4 or 5 in that the groove created 
on the surface plate is a shape surrounded with two adjacent straight lines extending 
radially from the center. 
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[Claim 7] 

A wafer polishing device described in any one of Claims 4, 5 or 6 in that the reflected 
light observation device is composed of an imaging device using a charge coupled 
element and a device to display that image 

[Claim 8] 

A wafer polishing device described in any one of Claims 4, 5 or 6 in that the reflected 
light evaluation device is a spectral reflection factor measuring device. 

[Detailed Description of the Invention] 
[0001] [Industrial Field of application] 

The present invention relates to a polishing method for wafers with a film such as 
semiconductor wafers, especially SOI (Silicon-on-Insulator) wafers, etc. 

[0002] [Prior Art] 

In semiconductor wafer polishing, a method has been widely used in which: a surface 
plate, upon whose surface is glued a polishing cloth, is rotated; while dripping polishing 
liquid on to the polishing cloth, a wafer, secured to a wafer supporting plate, is pressed 
against the polishing cloth while being rotated by the wafer supporting plate, and; 
polishing progresses caused by friction between the wafer and the polishing cloth. In this 
method, usually the amount of polishing is regulated by polishing time under strictly 
controlled conditions such as surface plate revolution speed, polishing load, amount and 
temperature of polishing liquid supplied, wafer rotation and oscillation, etc. 

[0003] 

The average removal rate is obtained from [the relationship between] the amount of 
reduction of the wafer thickness by polishing and its polishing time, and it is used to 
determine the polishing time. In ordinary wafer polishing, there is no method other than 
this method to measure the removal rate. In addition, a fluctuation of the removal rate by 
a few percent brought about by various conditions did not pose any practical problem, so 
this method was sufficient. 
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[0004] 

This polishing method is also applied to wafers with film. Compared to ordinary wafer 
polishing, the allowable fluctuation range of polishing amount is small, so if the amount 
of polishing is to be controlled by the polishing time, strict process control, in which even 
a slight fluctuation of the removal rate is not allowed, is required. In this type of 
polishing, the primary objective is to regulate the film thickness and control of the 
polishing amount is the only means. The film thickness can be determined by 
observation of interference fringes with the naked eye or with optical measurement, so in 
experimental polishing, a general practice is that polishing is occasionally interrupted to 
confirm the film thickness and determine the time of polishing completion. 

[0005] 

This method provides a safe method and the least failure, but as a production method, 
there are many problems. Specifically, such problems are that every time polishing is 
interrupted, wafer washing and drying is required, so processing time per wafer becomes 
long and also the mechanism for automation becomes complicated, resulting in higher 
polishing cost. Furthermore, another problem is that when the time between an 
interruption and the [next] interruption becomes short, the parameters of such short 
polishing become different from the polishing parameters at a steady condition, so the 
expected polishing amount is not obtained and controllability deteriorates. 

[0006] 

[Problems that the Invention is to Solve] 

The present invention is to provide a wafer polishing method and a device that permits 
determining the thickness of a film that is being polishing without removing the wafer 
from the surface plate in the middle of polishing and that permits efficient performance of 
highly accurate polishing control. 

[0007] 

[Means to solve the Problems] 

The means to solve the problems using the present invention are: 



5 



(1) In a method in which a wafer, secured to a wafer supporting plate and while being 
rotated by the wafer supporting plate, is pressed to polish against the surface of the 
rotating surface plate on which a polishing cloth is glued while dripping polishing liquid, 
such polishing is performed by determining the polishing condition by observing the light 
reflection state of the polishing surface of the wafer through a window that is created 
between the rotation center of the surface plate and polishing cloth and the periphery. 

[0008] 

(2) the above described method in which the light reflection state is observed using an 
imaging device that uses a charge coupled element and a device to display that image or 
by using a spectral reflection factor measuring device. 

[0009] 

(3) A wafer polishing device that is equipped with: a surface plate that rotates by a 
rotating device; a polishing cloth glued on the surface of the surface plate; a wafer 
supporting plate that faces the polishing cloth [placed] between the center of the surface 
plate and its periphery, placed so as to be movable in the axis direction and that is rotated 
by a rotating device; a groove created extending in the radius direction on the surface on 
which the polishing cloth is glued between the center of the surface plate and its 
periphery; 'a polishing cloth window created on the polishing cloth matching with the 
groove; a through-hole created in the groove of the surface plate; a clear window that 
closes the through-hole; a probe that is placed at the opposite side of the face having the 
groove on the surface plate and facing the rotating path of the through-hole and that 
irradiates light on the polishing surface of a wafer, secured to the wafer supporting plate, 
through the above described clear window and that receives that reflected light; an optical 
cable connected to the probe; a device to supply light to the optical cable connected to the 
optical cable, and; a device to observe or evaluate reflected light. 



[0010] 

A wafer polishing device that is equipped with: a surface plate, made of a clear material, 
that rotates by a rotating device; a polishing cloth glued on the surface of the surface 



plate; a wafer supporting plate that faces the polishing cloth [placed] between the center 
of the surface plate and its periphery, placed so as to be movable in the axis direction and 
that is rotated by a rotating device; a groove created extending in the radius direction on 
the surface on which the polishing cloth is glued between the center of the surface plate 
and its periphery; a polishing cloth window created on the polishing cloth matching the 
groove; a probe that is placed at the opposite side of the face having the groove on the 
surface plate and facing the above described groove and that irradiates light on the 
polishing surface of a wafer, secured to the wafer supporting plate, through the above 
described surface plate and that receives that reflected light; an optical cable connected to 
the probe; a device to supply light to the optical cable connected to the optical cable, and; 
a device to observe or evaluate reflected light. 

[0011] 

A wafer polishing device in that the groove created on the surface plate is a shape 
surrounded with two adjacent straight lines extending radially from the center. 

[0012] 

The above described device in that the reflected light observation device is composed of 
an imaging device using a charge coupled element and a device to display that image, or 
the reflected light evaluation device is a spectral reflection factor measuring device. 

[0013] 
[Operation] 

In the present invention method, when the polishing state is determined by observing the 
light reflection state of the wafer polishing surface through the window created between 
the rotation center of the surface plate and polishing cloth and the periphery, the 
termination point of polishing can be determined without interruption of polishing, so the 
polishing process time becomes short and the device can be simple. 

The light reflection state is determined in such a way: that light is irradiated on the wafer 
polishing surface using an optical cable; that reflected light is captured by an imaging 
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device using a charge coupled element (CCD), used in a video camera; this is displayed 
using an imaging display device such as a cathode ray tube, and; the thickness is 
determined based upon interference fringes that appeared on the imaging display device. 
For 2jam or less film thickness, [interference] fringes are observed using an old-type 
fluorescent lamp or incandescent lamp and for ljam or less thickness, rainbow-colored 
fringes are observed. 

[0014] 

Further, light is irradiated on the wafer polishing surface with an optical cable and that 
reflected light is taken into a spectral reflection factor measuring device. Based upon the 
peak of the specific wavelength, one can determine that the thickness becomes the 
desired thickness. This determination of the polishing state may be performed during 
polishing or during a temporary stopping of polishing. Even with a temporary stop, the 
completion time of polishing is extremely short compared to methods of the prior art. 

[0015] 

In the device of the present invention, reflected light, obtained by irradiating light on the 
wafer polishing surface through the polishing liquid film formed between the clear 
window and wafer, is observed or evaluated. Since fine particles are suspended in the 
polishing liquid and the polishing liquid has a characteristic of scattering light, it is 
convenient for observation or evaluation if the distance between the surface of the clear 
window and the wafer polishing surface is shorter. 

[0016] 

The reason why the groove is created, extending in the radius direction, on the surface of 
the polishing cloth glued between the center of the surface plate and the periphery, is that 
if a polishing cloth window is created only on the polishing cloth, there may be a concern 
of air mixing in the polishing liquid. When air is mixed, observation becomes difficult, 
so [the groove is created] in order to maintain sufficient polishing liquid and to not allow 
air to mix in. In order to maintain sufficient polishing liquid in the groove, since the 
groove and polishing cloth window do not contribute to polishing, a shape that does not 
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disturb the distribution of the processing amount on the wafer surface needs to be chosen 
It is better to surround [the shape] by two adjacent straight lines extending radially from 
the center of the surface plate to the periphery so that the wafer polishing surface passes 
in the same time from the center of the surface plate to the periphery. 



[0017] 

If the shape is as described above, during polishing, when the wafer passes from the 
compressed polishing cloth, caused by the application of compression load, to the portion 
of the polishing cloth that is not compressed, the wafer can pass over the recess from the 
polishing window to smoothly land on the polishing cloth without being caught by the 
polishing cloth window. 



[0018] 

The location and shape of the clear window in the groove can be freely chosen. In the 
case where the wafer center can be used as a representative [thickness] for observation or 
measurement, the clear window may be located beneath the rotation center of the wafer. 



[0019] 

When a surface plate is made of a material, such as aluminum, which does not allow light 
to transmit, as described above, a through-hole is created on the surface plate and the 
through-hole is closed with a clear window so that the polishing liquid does not leak and 
light passes through the clear window. When a surface plate is made of a material, such 
as clear glass, which allows light transmittal, a through-hole and a clear window are not 
necessary. However, in order to minimize the distance between the wafer polishing 
surface and the groove bottom, it is better to raise a portion of the groove bottom where 
light is transmitted. 

[0020] 

There is no problem with a probe that irradiates light on the wafer polishing surface and 
receives the reflected light when an observation or evaluation is performed by stopping 
polishing. However, when an observation or evaluation is to be performed during 
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polishing and when time is needed to accurately observe or evaluate the specified 
location of the wafer, since the light transmitting window of the surface plate is rotating 
and the wafer is also rotating on its axis, the probe only needs to make a reciprocating 
motion at the same speed as the wafer rotation speed in the same rotating path as the light 
transmitting window. 

[00211 

In the case where a spectral reflection factor measuring device is used for film thickness 
evaluation, since film thickness can be calculated every measurement, the termination 
point of polishing can be accurately determined. Instead of calculating film thickness 
during polishing, calculate in advance the spectral reflection factor when the film reaches 
the target thickness. When the characteristic of the measured spectral reflection factor 
matches the calculation, polishing may be stopped. 

[0022] 

Working examples shown in Figures 1 and 2 are explained. A surface plate (1) is an 
aluminum disc having a 300mm diameter and a 10mm thickness. A shaft, which rotates 
the surface plate (1), is fixed at one side of the center. On the other side opposite from 
the side where the shaft of the surface plate (1) is fixed, there is created a groove (2) that 
is surrounded by two adjacent straight lines extending radially from the center and that 
extend close to the periphery from near the center. The width of the groove (2) at the 
center side is 5mm and the width at the periphery side is 15mm and the depth is 1mm. A 
through-hole (3) with a diameter of 10mm is created at the center of the longitudinal 
direction of the groove (2) and conically expands at the opposite side of the groove (2). 
A clear window (4), made of Pyrex clear glass, is fitted into the groove (2) side of the 
through-hole (3) to prevent leaking of the polishing liquid. 

[00231 

On the face of the surface plate (1) having the groove (2), a 0.7mm thick polishing cloth 
(5), having the same shape as the surface plate (1) and made of a polyurethane 
impregnated polyester non-woven cloth, Suba-500 (brand name) that is made by Rodel 
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[TN: phonetic spelling] Nitta, is glued. The portion corresponding to the groove (2) is cut 
out in the same shape as the groove (2) to create a polishing cloth window (6). The clear 
window (4) projects out about 0.5mm from the surface of the surface plate (1), but even 
with consideration of elasticity of the polishing cloth (5), it is sufficiently lower than the 
surface of the polishing cloth (5). 

[0024] 

On the opposite side of the groove (2) of the surface plate (1), facing the rotating path of 
the clear window (4), a probe (9), which irradiates light on the polishing surface of a 
wafer and receives that reflected light, is placed. The probe (9) contains a focus 
adjustment lens inside and is connected to the optical cable (10). The other end is split 
and connected to a spectral reflection factor measuring device and a measurement light 
source, which is not illustrated. 

[0025] 

Two silicon wafers, on the surfaces of which thermal oxidation film is formed, are 
bonded by having the thermal oxidation films in contact. One wafer was flat surface 
ground to make a 15 jam thick silicon film SOI wafer with a 100mm diameter. The face 
that is not flat surface ground was glued with wax to the disc-shaped aluminum wafer 
supporting plate (8), having a diameter of 1 10mm and a thickness of 10mm, and on one 
side of which a rotary shaft is fixed. 

[0026] 

While dripping on the surface of the polishing cloth (5) of the surface plate (1) a 
polishing liquid made by diluting 20 times NALCO-2350 (brand name), made by Rodel 
Nitta, composed of an alkaline solution containing silica powder whose particle size is 
O.Oljam or less, and while the surface plate (1) was being rotated at 50 revolutions per 
minute and the wafer (7), glued to the wafer supporting plate (8), was being rotated at its 
own revolution speed of 40 revolutions per minute, the wafer (7) was pressed against the 
polishing cloth (5) with a polishing load of lOkgf so that the rotation center was located 
above the clear window (4) to start polishing with a target film thickness of 1 |im. 
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[0027] 

Under this condition, the moving linear velocity of the clear window (4) is about 
500mm/sec, so the time to be able to measure the center of the wafer (7) through the 
10mm diameter clear window (4) is about 10 seconds per one passing. This time was 
sufficient for spectral reflection factor measurement performed at the wavelength range 
of 680~800nm and resolution of lnm. As a measurement reference standard, a silicon 
wafer placed under the same conditions was used. 

[0028] 

At the beginning of polishing, the spectral reflection factor of the film showed the same 
spectrum as the silicon wafer, but as polishing progressed, periodic fluctuation of the 
reflection factor to the wavelength appeared and gradually its amplitude increased. 
Individual peaks of the intensity of the reflected light continued to narrow each interval 
one after another and migrated to the short wavelength side. Due to the shift of the 
individual peaks, as the peaks in the measured wavelength range were replaced, the 
intervals of the peaks gradually spread. 

[0029] 

The calculation shows that the reflection factor of the SOI silicon film with l|im 
thickness has peaks at the wavelengths of 700nm and 770nm. Thus, when the position of 
one peak went below 700nm, the position of the next peak was read and when the reading 
was 765nm or above, polishing was terminated. When it was less than 765nm, polishing 
continued while tracking the position. 

[0030] 

As described above, 10 SOI wafers were polished. As a result, for all the wafers, the 
center film thickness was within the range of 0.98-1 .OOnrn. The required polishing time 
was in the range of 30-45 minutes. 
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[0031] Comparative Example 

Under the same conditions as in the Working Example, polishing of silicon film SOI 
wafers was performed. During the middle of polishing, film thickness measurement was 
performed by observation as described below. 

1 . Stop supply of the polishing liquid and after spraying pure water on the polishing 
cloth, stop rotations of the surface plate and the wafer supporting plate. 

2. Pick up the wafers with the wafer supporting plates, rinse them with pure water and 
drain off water. 

3. Observe the wafers by projecting onto the lighted surface light source. 

4. Observe the film thickness using the criteria described below. 

5a. In the case where polishing is completed, remove the wafer from the wafer 
supporting plate. 

b. When the film thickness is thicker than the target, resume polishing and after the 
specified time, go back to 1) above. 

[0032] 

Criteria to determine film thickness by observation of interference fringes 
Fringes can be vaguely observed under sodium lamp irradiation -> less than 8-10jxm 
Fringes can be clearly observed under sodium lamp irradiation -> less than 5^tm 
Fringes can be observed under 3-wavelength luminous type fluorescent lamp illumination 

-> less than 3|xm 

[Fringes] can be observed with an old type fluorescent lamp and incandescent lamp 

-> less than 2nm 

Rainbow-color [fringes] under white light (ordinary lighting) -> less than l\xm 
[0033] 

The net polishing time was 30-40 minutes. However, since polishing was interrupted 2-4 
times per wafer to measure the film thickness, one hour was spent as an average polishing 
time. Based upon the results of the film thickness measurement, the time to end 
polishing was determined using 10 seconds as a unit. Ultimately, the film thickness at 
the center of the wafers spread in the range of 0.9-1 . 1 jam. Even though the time to 
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terminate polishing was adjusted shorter than this [10 seconds], the controllability did not 
improve, so this was assumed to be the limit of polishing accuracy of the prior art. 

[0034] 

[Effects of the Invention] 

According to the present invention, the thickness of a film that is being polished can be 
determined without removing a wafer from a surface plate in the middle of polishing 
and highly accurate control of polishing can be efficiently performed. 

[Brief Explanation of Drawings] 

[Figure 1] is a partial cross-sectional side view of the device of the present invention. 
[Figure 2] is a partial plane-view of the surface plate of Figure 1. 
[Explanation of symbols] 
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Sfc0©fflSi9l«Wts<, B»fl:©ft:a©tM!0tK*& 

fcowe*ffl**B<&*BiH***«. x *mt*mo> 

ffl©lgfflftt& < i, £*ttJB©ft0£&ft*tAttt> 
T<5fc». ^JBL&WBJnXB^Sn-r. *it>T 

[0 0 0 6] 

ztw-vz. mmviisi*mtt$mifi%>m*:<-c£&vx. 

[0 0 0 7] 

[BB««»1-««:»©^gi:] *%RlCJ:<StiS««» 

f6fc»©#att. 

(l)lsl«?*£B©ff£#©§B9m*£ftfciinc, «S 
«*BTLo^. ^XA^fitcH^LfcfXAS^x 

$ ^XA©W«ffi©3t©Rit«ai*^TflfBtt»S 

W3rr*>>x/NWB^& 
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3 

[0 0 0 8] <2)#©Etttt«*«»«-&*^£ffl^& 
[0 0 0 9] (3)(5jeSiflrJ:0[5HB-r^5£ei:. }£« 

©ffiEi*l'ifcKttfcJta?l£. B«ffi?l£rai;S893& 
A^#«»CH£Lfc>}XA©WBffifc:SBitL-€-©K«t3fc 

ffi. 

[ooio] (4)@<E£Bicj:r}IsI1g-r«a^«l»^ 

£fi©*Efc!g0tttt&n&eHM>£, 

£tt© <fc Hftfc ©WOW ICttS Hft^fa&StnJ 
t?&§W*ftfc. )£«©MEi*£*rr*H©E»fl!lTgll 

E©*Ktt**EiiLfc, mE^s&aLT^&fxA 
3t»fiicH3tufcC;x/\©ef*fflfcjia»i/-e©Kit3i£* 

3Ky-^JHc»«U&}ty-'/;i^©jfc«*&8Bt 
E*tft«fcX«»flii8«i: £flM.TV>* >>XAW*8 

[0 0 11] <5)}g«teKttfciB]W»£x*»S;|*tfttC# 

«siattb& 2 *©*«teHsnfc«M*fcfci,Tv>.5 * 

XAWSfgfi, 

[0 0 12] (6)E»#«Si&R*t*ffi||g£*?£fflU 
&«*8tti*©SiMtfR8IBfc*>&fc**>, Eltftff 

^. 

[00 13] 

«fc £ t ©|HJlCRttfc8*» 5 9 x/\©BHBW©#©E 

W«tt«©*&&»SJ:ia*tfl3feS©T. »««ia©^ 
W££<T£. «Ht>1B*T«Ftf. #©EWttffitt. # 
*r-7)VC * XA©9f«® lefts MitLT-t ©EltJt* 
tT7 : **^7»rfflV»6.n-CV»-5*ffi|g&*? (CCD) 
«rfflV»fcH«8SfeSlD, ZLnS^S >«&£©»« 

,fc Off K»ffl»^ 2iimaTT?»IRS 

©»*flr*aii!tfl'-ett*«m*.. i /imaTTiiafifft 
ratffi©K*tjuts. 



(3) «$W¥7-5 20 3 2 

4 

[0014] x, nt*-?frrvxj\ommm\ziit&m 

«tLT*©EI«££##Elt¥»fJ£i6»fcAn. 4$£© 
ttfi©lf-^K:iD0fa©»4K«trj/tti:*»«. !1 
©#f*K«©«Jfctt. «*+fcff-3Tt>. 
±LTffr3Tfe«t^. -l^f?±L.TfcBaE©a*©*ife 

± o t>8fe»/a*'r©«fratttt«)T*s <-c*a. 

[0 0 15] *3M9©8«K:*S<,»-C. S9iJBt»t^XA 

t ©racr* •swett©Bi*ja uT->x A©w*ffifc«B 

«L&tt©EM#&«»&SWilHfiT$©-C**ai, 
10 WBmt«*fctttM!B»U;t'b©TfcD, 3t*«a 
TSttH£fct>TV>5©T. SWfi&BOfcffiiSXA© 

[0 0 16] j£fi©«J>&£B*£©ra©W*flrEi}f*tt 

*0, £»*<iICSi«**tB*&fc.5©-C, 

fc»T?»*. jBKW*ttS-f-^«»3-tt<&fc». £©* 
a? ^>«IFfi«SB«feft)XIC«F4Uft^(S«j:XE«©r. 9 
XAffi|*3©toXft#$&%<*&t'>J&ga£&£#t;fc 0 . 

£»©*&*> 6H5aoxA©weffi*tH-^iHTaii 

*©liait:H*n*i5 cr<5©*<J:v». 
[0 0 17] CCkSfeJBtti-rWt «M*C9XA 

«tEE«g^s«s(tT£Et8dnTv^efgf«±^ Affiles 
nTv>&v>w»*©«*H;:*o±tf mmnaeuz. 

53 [0 0 18] sw«*t©»«t»ic*iW-*{i»ftt8iM*tttt 

**$fcttffl£e*XA©*i>-Cft«Sii-T 
&V>»SKtt. aW««©ttfi*'>XA©EHE<|»-C>©T 

[0 0 19] 7^5x*A©±5&3fc©»aU&lr>4m 
T£fi**fP&nTt-»*«#tt±E©«fc5fc. 3£*fcKa7L 

&3t©aia-rs»»T?jE«««fff.nTv>si:«tt. *a 

?L*a9llg»S&gfcbfcH. L*>U £XA©W»W 
«? t, »Jg£©|HJIH£*S<T-&&«>fc, 3t&aa**5 

[0 0 2 0] #£'>XA©SFJ&ffil;:BB»L-t-©Eittfcfc 

««©^aa«ttieicu-c*o, ^xAfcecuc 

V»*©-C, «>XA©tt1t«Br€:iE*»cK«Xtt»«-r6 

©fcusras&Ht-rattrtt, ?xA©ets»a£3C 

»<*-a*itf<fcv>. 
a? [0021] »^5«*ffl3eK»T»(5©me&fT 5 m 
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(4) fcBH t 7-52 0 32 

5 6 

ftcst. a£ff£R»«tt*T#»s;i£atffl*-&© jo**. sxA3as«8i::»r)mt&tfxA7£. acs 

*f?*>r. «*tae©»*fc/«fpfct*©^K<t** j»«awett4©±irtt«i-«j:^ic, o kg 

IH-#t-«Lfc^-C«*fe»TLTtJ:V>. ft. 

[0 0 2 2] [0 0 2 7] £©£#"?». 391$#4©»»&j$&li 

[$ttft] 01. H2tC^LtSIJiMlC^UTR^1- »5 0 0mm/»ft©-e, fiSl Omm©S9I8«4£ 

*. se«i liaea o omm. &■& i omra©?^- auT9XA7©w>s:M£m*-5»*isjtt. i@oa» 

*A»©Rfi-C, ^©•^©tf-ffiKfcfi 1 $EHET*fc Cttttt 1 OmfJ>T**. CO^H«, &5I6H6 8 0 

a<Btt*tB£l/r»*. £«l©««H£Hfcffi©R» 70 ~8 OOnm. ##|gl nmTfr5#ftEtJ#fii;£(C*t 

«©«»:«. *«c>frSttatttic#tf$is»Lfc2*©ii[ LT+^r*»ot. as©#fi9stficii. nctkmzw 

«TB*n. «^fcttj&&>5H^<*T#Zte»2tftK lr>fcVJ3>«>XA«:fflV>fc. 

ttT*S. m 2 ©¥&«©«» 5 mmTBft«©«ttl [002 8] ff«H%l$. R©#3tR3t¥tt, v'Jn> 

5mm. SISlmmifcoTlr**. »2©S#*|fiI«f* ^XAtR-©X^ h/Pfc^Ufctf, «f«©Jtf?tCff 

fctiu Bgl 0mm©Ra?L3*tKlt6n. »2©R*f V>£lt*<&8Kl;:#?-*EWWfc*f>»WU #4tc-t 

«TttP1IHKK:i£*bTV>S. JtjWl3©»2ttKttA- ©««**Lfc. RI*3fcSMI©<H/f©tf-^tt«fi©ra 

-fUy*XSW#5X»©»W«tt4*t«fc£*n. Of |R£fc»&tf&fiifcB*Kfc#fTbfc. fl*©t!-*© 

«a»<jitiftv^5icbT»*. a^*fi«Hft©i;-i'* t Anftt>5ict3 

[ 0 0 2 3 ] J£fi 1 ©* 2 e*T«RCtt. 1 1 13 ftT. e-?©ISISH^ICj£#o/!:. 

8J©J9lS0. 7mm©n-7\n'='y$'lt», ffifrgsuba a? [0 0 2 9] «-#fc*ntf, SO I ©JS3 1 itm©->U 

-500«>W^^a#UX^T-;^«^e>ftSiF*# 3>R©#3fcRIMSttifcfi7 0 0 nmt 7 7 0 nmtct? 

5*«SDWt6n, *2te«S"r5«B»tt»2tl?l*fc -^Stf^. -tUT, -0©tr-*©{fcfi**7 0 0 nm 

4tt£«l©8ffi£DttO. 5mm&mt-**», SWMi 5 nmtt±TSn«W»£»7-r*fc©£U 76 5n 

5©*ttS#«LTt>W»#5©«®,kO+#tt<fco m*»T»ntf-t©fi:ftSji»ta:*^W«*»ffU 

TV>5. ft. 

[0 0 2 4] ««l©»2©Rjttfi|l:ttSWlSt»4©|el [0 0 3 0] £©£5 CUT 1 OftOSO 1 ?XA£W 

(EttfcffiLTwe-r*«i/xA7©w«ffifc:3!fi&Baitu-€- *ufce*> «r©«>xAt*jv>T^i>©«jptto. 9 

©SjtJfcSSJfcf «^D-^9*tE1tStlTlr>4. 7o 8-1.00 //m©«HIC«K*-5T^&. Wa©flffil$ 

-^9tttf>hPlfflfflU>X*rt*U #4— 7JH 0 30 Klt3 0~4 5^©«Hlw*ofc. 

fcgasn. *©^tt^RK»jnB5*LT^&v^ coo 31] ttta&i 

R#Jp«fS£8B fc»£fflftEK«ttSnTV>S. gffifl t Pl«©&fl=m-© S O I ?XA©-> U 3 >R 

[0025] frffi t' mfeffl ©ft$ira£ 5 n/t fis 1 1 o omm&fi-ott. wea* -r©Rjp©»5£tt*©,fc5 c 

mm. S3 1 OmmCnfiftBTM-^ASOlA RSfc-fc Dfrofc. 1 .»*&©«»&£# JfcU W«# 

£#«8fc, *ffifcJRKfl:R&«abfc2ft©^>j3> ItHfojc&jMmLfcS. XA3$r«©liie«: 

tfXAS. JRR{bR£«l£bftT«3gU -;£©9xa ffih-TS. 2. «>XA§£xA2J$tR::£BtD±»ftt* 

*¥ffl«l?JUTW31 5<im©^U3>R£LTi£lil TH>T^T*£SJ$. 3. BBEfcBB^Sft&ffittiBfctf 

OOmmdJSOIflAfi, ^BWfWilllLT^fc^lS XA*l*l/T«!S-r<&. 4.TE©B5fcTR»*KS5-r 

£"7y*X"CK0ttttfc. *. 5. a)W»*S7©*^ i>IAS»fi*»6'>IA* 

[0 0 2 6] figj&tO. 0 1 tfmKT©->'J*»**^ «> *T.b) B«iO»^»^»i. SfRfcWW, BfSWIBJ 

NALC0-2350S 2 0 «Klfcf?U&W«8c«:l£« 1 ©PS [0 0 3 2] 
« 5 ©SB CRT 1/^-3. j£8l£##5 0|allE3-ttfc* 
*«HI©«RKJ:SR0*iI»r©B* 

IR5!©S3t5>^fl!»7>^r'bUL«) - 2/imttT 
a&3tT («fi©HH9i) TttfiSM-rs. - 1 umEJCF 

[0 0 3 3] iEflc©WBI^IB«3 0~4 0»TT*tjfc 50 **. tfXAlttfc^ff 2~4lelW«&*WfL-CRJ»M£ 
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(5) 



4$gJ¥7-5 2 0 3 2 



«fcttfc<>X/\+/fr©BW» 0.9-1.1 

[0034] 

[Hffi<offi*fc&E] 

[0 1 ] *&wmm<D-immmmmrtoz. 



10 



8 



[02] Hl<03£«ic?-SS¥BHT*^. 
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